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(54) TItie: INK-^ET PRINIER, MEipOD AND SYSTHi^ PRDOT mjj^^ 

(57) Abstract 




A method and systmi for detecting nonfunctional ink-^Jets 
and compensating for the nonfunctional iiilH|cts in i^^^^ 
printer (54). The ink-jet iMihtcr (54) ihcludiwl a printhci^^^ 
having a plurality of ink^jcts (192). each itik-^jet (192) being 
assigned to print respective dots on a respective rastw* line of a 
lepoiding mediiun in a(H:^3idance y^^ 

\y1ien an ink-jet (19i2) is detected as^^te <tefe*ivei at least 
a portion of said print mask is r^laced with: a iieplacenient .. 
mask (500) such that one or mbre of the lemsdiiinjg ink-jets 
(192) of the phiraUty of 

ink-jet The metliod ihciudes: detecting when an ink-jet (192) 
is nonfunctional; and when an ink-jet" is dctemiined to be 
nonfunctional, replaciiig at least aporfoh of the prim 
with a replacement mask (500) such tfm^pne or mow of tf^^ 
remaining ink-jets (192) of the pluraUty of: yc^^ 
for the nonfunctional ink-jet. In order to detect a nonfunctional element, e.g., an ink-jet, in the printhead, the ink-jet printer system of 
the inventiffli further includes: a switching power supply (80). coupled to the ink-jet prindiead (44). for supplying power to the printiicad 
(44); an ouq)ut capacitor (164), coupled to an output of tlie switching power supply (80), for storing a dc voltage therein; a bleed resistor 
(166) coupled m parallel to the ou^ut capacitor (164), for dtecbarging current from the output capacitor (164); an output shifting circiUt 
(164, 166. 172 and 174). coupled to the switching power supply, for shifdng the dc voltage level across tlie ouq>ut capacitor (164) from a 
low state to a high state; and a sensor (180). co\q>led to the output of the switchmg power supply (80), for detectiiig when the switchbig 
power supply (80) is switching, wherein an element of the printhead (44) is tested by measuring a test current discharging from the output 
capacitor (164) when the element is activated and comparing the measured test current with a reference current which idisdiarges from die 
output capacitor (164) through the bleed resistor (166) where no elerrient of the printhead (44) is activate!. The method includes: supplying 
regulated power to the printhead (44); storing the regulated power in a capacitor (164) so as to provide a dc voltage across the capacitor, 
shifting the dc voltage level stored in the capacitor (164) from a low state to a high state; measuring a test current discharging from the 
capacitor (164) when an element of the prindiead (44) is activated; measuring a reference current discharging from the capacitor (164) 
through a bleed resistor (166), when no elements of the printhead (44) are activated; and comparing the measured test current with the 
reference current. 



FOR THE PURPOSES OF INFORMATION ONLY 





Codes used to identify States party to fee PCT on the front 


AL 


Albania 


BS 


Spain 


AM 


AnaeaU 


FI 


Fmland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


. Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Heszegovina 


GE 


Geor^ 


BB 


Barbados 


GH 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Otoece 


BG 


Bulgaria 


HU 


Hungary 


BJ 




IE 


Ireland 


BR 


Brufl 


IL 


Urael 


BY 


BeUnis 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Jq>an 


CG 


Congo 


KE 


Kenya 


CH 


-Switzerland - 


-KG 


- -Kyigyzstan . . 


CI 


Cdte d*Ivoiie 


KP 


Demociatic Feopte*t 


CM 


Cameroon 




Republic ^ Korea 


CN 


China 


KR 


Republic of Korea 


cu 


Cuba 


KZ 


Kjizakstan 


cz 


Czech Republic 


LC 


Saint Lucia 


DB 


Germany 


U 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



» of pamphlets pHblishing intcnnatiQnal applicatioiis m^er the PCT. 



LS 


. .Lesodw 


SI 


Slovenia 


LT 


Lidnianja 


SK 


Stevakia 


LU 


luxembourg 


SiN 


Senegal 


LV 


Latvia 


sz 


Swa^oland 


MC 


Monaco. 


TD. .. 


Chad--' 


MD 


RepubUc of Moldova 
' MadsgascBz' 


TG 


Tpgo 


MG 


ti 


ta^idslian 


MK 


The fiiinner Yugoslav 


TM 


Turkmenistan : 




Rqpublie of Macedbiiia 


TR '' 


Tiiirkey 


ML 


MaU; 


XT 


Trinidad and Tobtigo 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United Stales of America 


MX 


Mexico 


UZ 


iJzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


NetiiiBriaods 


YU 


Yugoslavia 


NO 


Norway 


zw 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 
S6 


Sweden 
Sing^KMe 







/O99/08875 



WO 99/08875 PCT/US98/16101 

•■ •1• 
INK JET PRINTER, METHOD AND SYS^^^ COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS 



Field &f tlite irivention 

the invention relates to multi-pass ih^^^^^^ printing. More particularly, the jnvention relates to a method and 
systGlm fdr dietecting one or nidre failed thereafter compensafuig for the one or more failed ink jets with 

tHeVreni^^ 



DiBScriDtion of the Related Technblbov 

Multi-pass printing is a technique used to reduce banding in ink^jet printing. Dots of ink, when still in liquid 
1Q : : form, tend to run together due to surf ac This is referred to as coalescence. To print a high quality Image 
it is important to print individual round dots. But to achieve full saturated colors, the dots must overlap to 
conipletiely cover the paper. By oh^ pHmm^^^ a portion of the image data so as tcK^ void simultaneously priming 
aidjajbent dots during horizontal 
adjacencies, the: transverse speed of the j^ririti^^^^ two times the rated print speed 

Multi-pass printing is accpiihpfished by filte^^^^^ image data using a print mask to determine which dots 
are to be printed in each swath; A swath is defined as a r^ibn, or portipnV of a recording medium which is printed 
upon by a gh^n portion, 0 printhead caitndge h number of irik jets, as the printhead 

xajlndl^ 

20 pass of the printhead and is partially: printed in each pri^^ The printing of a swath is completed after it has 

successively advanced through each. priht zdne^. . 

In multi-pass printing, each jet of: a: printhead is assigned the role of : ejecting iiik, as necessary, .onto pre- 
specttied areas or 'dots' on a raster Tiiie Which is currently in the jet'is respective print zone. However, a jet 
sometimes fails either due to being ctogged or electrical problems in its firing circuitry. When this occurs, the pre- 

25 specified areas which are assigned to the failed jet in accordance with a respective jet mask^ are not printed upon. 
Therefore, if one or liiore jets fail and theris are many areas in which intended ink drops are not deposited, the 
quality of the printed image may signlficantV surfer- 
Prior ail methods have deaH wjth this; problem by utilizing auxOiary jets.in the printhead which are assigned 
the task of replacing failed jets. However, this method is mefficient because these auxiliary jets are inacthre during 

30 periods when there are no jet failures. Therefore, the auxiliary jets represent printhead resources which are not fully 
utilized to their niaximum potential. Additidnally, in order to safeguard against situations in which multiple jets 
simultaneously fail, not just one but a bank of rhuhiple auxiliary jets are set aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxiliary printheads improve the reliability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space in 

35 a printer than those printheads without auxOiary jets. 
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A basic premise of inic jet printers is that all inic jets must "fire* properly (Le., eject inl( droplets) or tiie 
quality of the present image may be degraded. The detection of nonfunctional Ink jets, otllerwis& referred to her«^ 
as "open jet detection/ is a method of determinihg which jets within a prihthead cartridge are electrically 
nonfunctional. This electrical non-functionality can result from open traces, damaged drop ejection resistors, changed 
resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All of these errors may cause one or more jets of a printhead cartridge to not fire, or f^e improperly, 
restdtbig in anomalies in the printed image; 

Defective jets can also result from clogged jet nozzles. Cuirent open jet detecti^^ unable to 

electronically detect clogged jets; stiH electrically cpi^^ by executing a prime prtath^ 

using a printlwad camidge under te^^^^ 
manuaHy Input the address or reference design 

The list of defiectlve or nohfunctiqna! jet$, qthefwise refefre^^ the "op|p jet IjSt," i^^^ 

nonfunctional jets iii the respective printhead cartridge, E^^^^ jet list; a user of: the i^^ 

may be notified as to when a printhead cartridge has an unacceptable number of nonfunctionaljets. Additionally, 
prior art methods utilized this open jet list to compensataf or the non^^ jets with one or more au 

jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a resisttir^^^^ with 
the circuit. Prior art methods ofdetecting nonfunctional jets ^te^^^ utilized this concept to^m^^ 
printhead circuitry as one or more jeti in a primitea^ 

cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate firings for the 14 jets in 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
in series with each set of jets for each cartridge for a total of 16 scries resistors. The voltage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop will be zero. The 
voltage drop across each of the series resistors is typically connected through a diode to a common point and 
compared to a reference voltage. The output from the comparison is an indication of whether a jet is properly 
functioning. By firing each jet one at a time, it can be determined whether each one has electricar continuity. 

The above-described method becomes less desirable as the number of jets and, hence, the number of sets 
of jets, increases, necessitating ah increase in the number of series resistors. These series resistors waste^ e 
generate heat, waste board space and cost money. The prior art method also has limited f unctiohality in that it only 
indicates that the current through a jet was greater than or less than some predetermined thfeshbld.^ T^^^^ 
indication does not distinguish between the different types of problems which iiiay cause an ink jet to misfire, or 
hot fire at all. For example, the prior art method cannot distinguish between a shorted power line, a shorted address 
line, or a damaged drop ejection resistor in an ink jet printhead. 
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Summary of the Invention 

liie invention provided in 
a jet group and utUizfis any remaining jeti of 1^^ j0t group to compensate fbr tiie one or more failed jets in that jet 
groups without the utilization of otherwise idle auxiliary jets. The method and system of the invention accompHshes 

5 this task by assigning nevv reiplaipiement jet masks to the remairiirig jets of the jet group such that aO areas^ or dots, 
on a respectiye raster fine are accduntedf^ Furthennore, these rep^^ forming horizontally 

and vertically adjacent dots during a single pass of the prihthead^d^^^^ the recording medium. 

In one embodiment of tlil inventloiiir a sy for compensating for defective ink jets in an ink jet printer 
indudes: a printhead having a^^^ 

10! assigned to print respecthre idpts on a resj^ line of a recording im^ virtiereih the plurality of ink jets 

are divided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; a plurality of 
jet group masks corresponding to a respective one of said plurality of jets groups, ^herein each jet group mask 
allocates the printing of dots on e respecthre raster line to each of the ink jets of a respective jet group; and a 
replacement jet group mask whibh replairos the jet group mask for a jet groiip having one or more nonfunctional ink 

15 jet s/ Wherein the re^ilaceitiijri t jet g^ the printing of do ts to the remaining f unctio nal in k jets of 

the jet group haying one or more ^ As A reslilt^th^^^ jets so as to of 

the jet group compensate for the oim or more hon^^ jets;: This in that jet group. In a preferred 

embodiment, the above*described system of the hvention does not utiyze auxifiar^ jets which are idle during times 
of nprma^^i^^ 

20 In another embodiment, an mk^jet printer includes: a printhead having a pliirarrty of ink jets, each mk jet 

being assigned to print respective dots on a respective raster line of a recording medium in accordance with a print 
mask» where'm when an ink jet is detected as bemg defecthre,at least a portion of siaid print mask is replaced with 
a replacement print mask such that one or more of the remaihing ink jets of the pluralrty of ink jets compensates 
f or the defectroe mk jet. In a preferred ernbodirnentr ink jet printer ddof not uti^^^^ 

25 which are idle during times of normal operation. Therefore, the resources of the printhead are maximized. 

In a further eriibg^^ m the printer described abp^ wheri ah Ink jet in a jet group is detected as being 
non*functional during a printing process, the replacement jet masks assigned to the remaining futictional inK jets in 
that jet group successively replace the original jet masks of each respectrae ink jet in that jet group one pr'mt zone 
at a time, per pass of the printhead over the recording medium, so as to provide a gradual transition from the original 

30 jet group mask to the repliacemeht je^^ 

As described above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successively updates the portions of the prhit mask corresponding to only one print zone at 
a time. For example, if a defecthre jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 

35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. in this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group mask to the replacemerit jet group masked is achiev 

In another embodiment, in the printer described above, the plurality of replacement jet masks are 
sequentially numbered and assigned to respective remaining functional ink jets of the first jet group based upon the 
5 prmt zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and ^en said ffrst jet group is adjacent tb said second jet group, the plurality 
of replacement jet masks are assigned to respecthre remaining functional ink jets 

a rotatjpn scheifne such th^^^^^ order of assignmM of the pjur^^ masks to respjective 

functional ink jets in the $econd jet group is rotated when compared to the ord^ of ass^runent of the plurality of 
to replacement jet masks to respectwe functional ink jets in Ibp fitst jet ;gra^^ as to; avoid the assignment of 
identicarreplacement 

The invemion fuilher^a^^^^ muKi-ijiass prihtin or ielin^inate coat^^^^^ 

dots by foUbwing a compensation sctieriie which avokis the printmg of y^^^ 
a single pass of the printhead oyer the recording medium, if adjdceni>ts ar^ 

1 5 assignment of the replacement masks to the remaining functidhial jets of a second jet groiip is rbt^^^^^ such that 
adjacent functional jets do not have identical replacofnent msjiki In this way/ vertical a^^^^^^ minirntted. 

In yet another embodiment a method of compensating for liionfunctional ink jets In an in 
includes a printhead having a plurality of ink jet% each ink jet being assigned to pririt respective dots on 
raster line of a recording medium in accordance witfi a print miis*;i in^^ VWieri im or-: :nii^^^ M 

20 determined to be nonfunctional; replacing at least a portion of the print mask with a replacement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonfunctional ink jet. In 
a preferred emb odiment , the isi bove-descnbed met ho d does hot utilize lauxiliaiY jets, which aire idle Idunng times of 
normal operation, to compensate for the one or more nbnfunctiohal ink jets. Therefoi^e, the resbui^ces of the 
printhead are maximized. 

25 The invention further provides significant advantages ever the prior art by providing a met hod anil system 

for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 

30 activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
line to the ink jet has been turned bn« or after an address fine to the ink jet has been turned on, for example, and 
confiparing this test discharge rate with a reference discharge rate, the invention provides a very effective and 
accurate solution to the problem of determining whether there is a defecthre ink jet, a defecfive power fine, or a 
defective address line, for example. Once such a determination is made, information regarding a defective element 

35 of the printhead may be stored in memory. For example, if a ink jet is determined to be defectwe, its address may 
be included in the open jet fist described above which is stored m a memory of the ink jet printer. 
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As used herein, the term "elenfient* may refer to any component, such as an inic jet, a power line, or an 
address liiie within a pnnthead cartridge, or any other cdmponent within ah ink Jet prihthead cartridge. Additionally, 
when an element is said to be "activated," this term may refer to the turning on of a power line or address line, 
or the firing of an ink jet, orthe turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate", and any cbmbinatidh or conjugations thereof, should be given 
their ordinary broad meaning and scope. Additionally, unless otherwise indiciatiBd, the terms "printhead" and 
^prihthead cartridge" are used synonymb^^^^ 

The imprqyed detection in^^^^^^ MaMes the time it takes for ppvyer supply 

capacitors supplying power to one or more ink jet carlridges to disc^^^^^ of current, the average 

10 current supplied by the cap^^ 



I^^^^-Cx^--^ (1) 

average ^ 



where C is the capacitance of t^^^^ 

dT is the time measured for the voltage change to bdcur. A Svirhctiihg jibwb^^ ^^RPIY which suppries power to the 
ink jet cartridges is enhanced to provide this measurement capability by the addition :bf two functions, lii a preferred 
embodiment, a first function increases the quiescent output ypltage level by an amount equal to dV and thereafter, 

15 decreafes the; quiescent ypltage; jeyertb te to interrupt its switching 

operation until the output capacitor (C,) 106 dischargeis to its orig'mal quiescent levels. In other words, the switching 
power supply will temporally cease providing ah output pulse waveform until the output capacitor (C|) 1 06 discharges 
to the briginal. leveb. A jsecohd fuhctibh detects whep ihe switching after the 

vbltage acrbss the capacitors has decfeased to hs briginal fevel In ibis way, the time requ^^^^ for the output 

20 capacitor to discharge an amount of current which changes the voltage across the capacitbr by an amount equal ; 

■ to-dV-tan -fae-nieasured.- - 

In order to detect clogged ink jbts, the detbction fhethod and sy^teii;i; of th^^ invention can also utilize the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctional, the operator can then manually input the reference designation or address of each 

25 nonfunctional ink jet mto the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of hbhfuhctibnal ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the Inkjet printhead, for supplying power to the 

30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc vohage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the switching power supply is switching, wherein an element of the printhead is tested by 
measuring a test current discharging from the output capacitor when the element is acfrvated and comparing the 
measured test current with a reference current which discharges from the output capacitor through the bleed resistor 
5 when no elment of the printhead is acthrated. 

In sinotHer ennbbdiment, in ink jet printer system for detecting ^ in an ink jet 

printhead; includes: means for supplying regulated power to the printhead; capa^^^^^ the means 

for suppl)4ng regula^^^ ppyirer, for storing a dc^^y^ from the capacitor 

mean$;means for s 
10 for measitfrih 

and means for bioimparing the 

means thfough only the m^^ f or discharging^ 7^^ 

In a further embbdimerit, a method oldetec 
acts of: supplying regulated power to the printhead: storing the regulated ppwe^^^^^ a 
15 dc voltage across the capacitor; shifting the dc voltage level stored in the capacitor from a low state to a high state; 
measuring a test current discharging from the capacitor when an eleriieht of the print^^^^^ is activated; nrieasuring 
a reference current discharging from the capacitor through a bleed resistor; yvhen no elements of the printhead are 
activated; and comparing th measured test cum^^ 

20 Brief Description of the Drawinas 

Figure 1 is a block diagram of the components of an ink jet printer system. 

Figuri^ 2 illustrates a portion of a print mask for a 1 04 jet /printhead having six priiit zones corresponding 
to a six-pass multi-pass printing configuration. 

Figure 3 illustrates sbt jet masks corresponding to jet group J 2 of the print mask of Figure 2, each jet 
25 mask con'esponding to a respective jet and a respqctive print 20^^ 

Figure 4 illustrates the dots on the raster line which are printed in each print zone in accordance with the 
six jet masks of jet group # 2 of Figure 3; as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successive swaths of a recording medium as the recording 
30 medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

, Figure 6 illustrates a first replacement jet group niask for a jet group which has one defective jet, in . 
accordance with one embodiment of the invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two defective jets, 
35 in accordance with one embodiment of the invention. 
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Figure 8 Bluistrates. a thN replacmn^^^ jet group which has three defective jets, in 

acciordanceivvittvqr^^^^ 

Figure 9 illiiistrajtes a fbuilii re^^^ grdiip mask for a jet group which has four defectWe jets, th 

accordance with one embodimen^^^^^^ 
5 Figure 10 illustrates the corre^^ each of the six print zones and each replacement jet mask of 

• the fiirst replaceihiri^^^ 

Figure 1 1 illustrates a portion of a print mask when jet 12 in jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group rnask of Figure 6. 

Rgure 12 illustrates the printing configuration of successive swaths of a recording medium as the recording 
10 medium successiyelY pass^^^^^ the sjx print zones of the printhead of Figure:2 when using::the print mask of 
•• figure- 11. 

Rgure 13 illustrates identicarreplacement jet mdsk^ assigned to adjacen^^^^ each print zone. 



Figure 14 aiustrateis; the first replacement jet group its ihdividuial jet masks rotated 

in a round rbbin fashion to be utiHzed on: a second jet group; adj^^^ 
:15 Figur0:i15Uliustriit$^ the fii^ rieptefcemi^ 

rotated versiori ioff the first re^ in Tigu 14; assigh^ to a seccirid jet group/ 

adjacent the first jet group, in accordance/w 

Rgure 16 inustrates a 
ta d^errn^ 
20 invention; 

Figure 17 iilustrates an ink jet matrix which exemplifies the relationship between each /mk jet in an ink jet 
cartridge and their cdf responding power lines and address TirieiS. 

Figure 18 is a response curve which illustrates c decriease iii voltage level across an output capacitor as 
the capacitor discharges. 

25 

Oetaifed Oescridtion of the Preferred Ertifa^^ 
The invention is described in detail below with reference to the figures. 

Referring to Figure 1, various components of a typical ink jet printer 54 are illustrated. These various 
confiponents include the coritroi electrora the ink jet printer 54 which are used to control ink droplet: ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the mk jet printer 54. This host computer 50 runs driver software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 56, memory 58, and drive circuhs 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located within the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each individual ink jet of the cartridge 44. The system comprising the switching power supply 
80 and the printhead cartridge 44« coupled to the output of the power supply 80, is described in further detail below 
with feferehce to Figure 

The processor SZ in accordance with internal firmware stored in a portion of the memory 58, selectively 
S ejects ink droplets from the ink jets of each cartridge 44. The programming of the processor thus determines which 
ink jet of the pririthead cartridge 44 is assigned to bje iised to Giject an ink droplet onto any given grid kication of 
the printed image when the relevant swath being printed calls for a droplet at that given grid location. In multi-pass 
printing, for example, the set of nozzle to grid location assignments is commonly referred to as a print mask, and 
the print rnask definitiori is stored in memory 58 in the ink ^t printer 54, The function and operation of a print 
10 mask is describ^^^^ 

Referring to Figure 2, one example of a print mask 100 having sfat print zones KIb^^, and 17 individual 
jet masks 104 within each prnt zdne 102a-f (for a total of 102 thdividuail jet masks tQ^4), is illustrated. A separate 
print mask 100 is defined for each printrmode (number of passes) supported by the device and is used^ unchanged, 
throughout the processing and printing of aii image. The print mask 100 is made up ol th^ 
15 that determine fired by (»ch jet of a priritHead^ These ihdb^ 

adjacent jets on the pririthead do not print horizohtally d^^^ 

printhead across the recording medium. As described above, by avoiding horizbhtal and vertical adjacehci 
anomalies and distortions caused by the cp alescence of adjapent dots are ^ubstantia^y redljced. 

As shown in Figure 2, the individual jet rTiasks T04 are arranged into zones 1 02ia-f that correspond to the 
20 number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example, jet mask 
no.'s 2, 19> 36, 53, 70 and 87 make up jet groujj rnask ribi^ 2. Figure 4 illus^^ 

mask no. 2 which includes the six jet masks 2, 19, 36, 53, 70 and 87. These six jet masks 2r 19, 36, 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4, 5 and 6, respectively. 

25 During printing, each print zone 102a-f prints a svvath of the recording medium^ Referring again to Figure 

2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not limited by any specific number of 
raster fines in a swath or jet masks in a given print zone. Different embodiments are envisioned which contain 
different numbers of raster fines per swath and/or jet masks per print zone. 

30 Referring to Figure 4, each jet mask 2, 19, 36, 53, 70 and 87 of the jet group mask of Figure 3 is 

illustrated within hs corresponding print zone 1-6. Each raster line in a swath is printed by a singie jet group with 
the work being shared between tte members of that jet group. For example, during a first pas;S of the printhead 
over the recording medium, a swath of the recording medium is in print zone #1 and the second jet of the printhead 
belonging to jet group 2, prints dots on a corresponding second raster fine 302 of the swath in accordance with jet 

35 mask 2 of Hgure 3. Figure 4 further ilustrates the allocation of dots on a single raster line 302 in accordance with 
jet masks 2, 19, 36, 53, 70 and 87 of jet group mask 2, as the single raster line 302 advances through each print 
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zone 1-6. As shown in Figure 4^ jet mask 2 indicates which dots on the second raster line that jet 2 is responsible 
: for printihg. If thiB ima^ is responsible for, this dot 

is printed during the first pass of the priiM^^^^ zone 1. 

After printirtg the swath in print zone 1, the recdrdthg mecfia is advanced by an amount equal to the size 
5 of one zone such that the swath is now in print zone Z When the swath is in print zone 2, the second raster line 
302 is aligned with a jet of the printhead which is a member of jet group 2« In print zone . 2, the second raster line 
302/ which has been partially printed upon by the second jet when it was in print zone 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a second (iass of the printhead over the recording medium. 
As discussed above, the nheteenth^ and its cprresponding jet mask 19 is the next member of jet group 2 which 
10 is responsible for printing the second raster line 302 in the swath. Jet nia^k 19 allocates which dots are printed 
by the nineteenth jet. 

After printing the swaih print zone Z the feM^ ah amount equal 

to the size of one zone such that the swath is now in frmt zone ^3^^ is 
afigned with a 36th jet (^^^ in accordance with jet 

.15 inask:361d^^ 

thie iabdve^e^ zone. As 

shown in Rgure 3, after th^ each of thie 
six print nmes/ sjji the dots of .^e; raster Rne; Stjlare .acrou^ refers to any 
area of aiw^;^^ 

20 Figure 5 illustrates aiQacent swaths of a Tecording^ various stages of a six- 

pass (hence, six zone) printing process, the configuratidn Qf .dots on the recording medium represents all the dots 
which may be printed in a given zone plus all previbus zdni&s. ^ example stidwh,. ttie^ to. be printed on 
the recdrdmg nriiedium is a solid imaige, otherwise known as a ''color fill,' covering the entire printable surface area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 

25 is intended to be covered by the dot of ink. However^ it is uriderstoodthat these square boxes are illustrated merely 
for purposeis of distinguishfarig the different areas or '^dots* on the rmirding medium e^^^^ not visible on the actual 
recording medium. It is further understood, that the dots printed on the recording medium may have overlapping 
areas such that. there are. no spaces between adjacent dots if a solid . image, or.fiili "cplor-fiir is.desired. 

Open jet compensation is a modificatkin to the. multtrpass printing method. described above, which allows 

30 for the use of informatiori. regarding defective or hon-functidn^^^ the print masks of a 

printhead to compensate for the non-fuhctibhal jets. This type of compensation scheme typically results in minimal 
degradation in print quaOty and no degradation in priiiting speed when there are relath/ely few defective jets in each 
jet group. Although the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 

35 invention may be implemented in printers having printheads with different numbers of print zones, jet groups and jets 
in each jet group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 
jet group mask thaft is appropriate for the number of functional jets remaihin^ that group. In one embodiment, 
the maximum number of jets m a jet group is 6. Therefore, replacement jet group masks have been defined for 2, 
3, 4 and 5 jets remaining. These replacement jet group masks take the respflnsibflity of fir^^^^^^ the 

5 defective jets and assigns the responsibility for printing the eintire rajsterfme to the remaining functional jets within 

that jet groups ' ' 

Defective j^ts can result from open traces, damaged drop ejectipn resistors, changed rested or 
poor contact between the cartridgci and the "flex circuit'' which provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet nonles. All of these errors will cause a jet or jets 

10 not to fire, resulting in anomaOes in the printed inage. The inyenttoh may ufdize any well-known meithbd^d^^ 

of detecting defective |Bts in irikiet p^^^ determined to be Mri fiihctra^ a 

list of xhB d0f ecttvei jets may be iene^^ 

printer, and {Stored withm^^ Inkjet pmter« i^^^ 

necessary to update the print maslcs ef the respectw^ 

15 ffhprdyed methW^a^ 

jiik jets and compeni^te if or tte^^ jets witfi bii^ or mpre rema|ining fgnctjonal ink jets. This novel 

tibtectidn method and system is des^ 

Referring to Figure 6; a^sunpg that one jet in a jet group has- been determined to be non^f unctional, a first 
tepleiteiiie^^^ 

20 of the entire rastier line to the five remaim of the jet group. The first replacemem jet group mask 

500 includes individual replacement jet masks 501-505. When one of six jets in a jet group falls, that jet is shut 
off, or cbrnptetely masked, and the original jet masks for the remaining five functional jets of that jet group are 
replaced by the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print zone has been determined to be non-functional 

25 the first jet in the first print zone is simply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501 505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 

30 of ascending prkit zones, is the jet in print zone 2 for that respective jet groiip. Theriefore, replacement mask 501 
is assigned to that jet in print zone 2. Similarly, the replacehient mask 502 is assigned to the jet in print zone 3 
for that respective jet group, and replacement mask 503 is assigned to the jet in print zone 4, and so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functional 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respective jet for that jet group in print zone 1, replacement mask 502 wouU be assigned to the respective jet in 
print zone 2, and replacement mask 503 would be assigned to the respecthre jet in print zone 4, and so on. 
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As shown in Rgure 6, by replacing the original jet group mask with the first replacement jet group mask 
500, when a jet of a jet group is deter^^^ 

functional jet is allocated among the this: way, a cdm^^^ having no 

dots; : unaccounted for^ may stiff to^^^ 

5 Referring to Figure 7, a s^oiid repldcemeiit jeit^ jet group having two non-functional 

jets is illustrated. The second sit of each 
corresponding to one of the four remlainihg^ j^^^^ Similar to the allocation scheme described above 

with reference to Figure 6, tl;e repjac^ Jets by order 

of ascending print zone zones T and 4, the first 

10 : fiinctional; jet: would be:that:in print zpn^^ to that jet in print 

zone 2, replacement mask 602 vypuld be assigned to the cbrrespondihg Jet in print zone 3, replacement mask 603 
wdujd b0lisi$igned td the tdfresppiidm^^^^^^^ zoiie 5 and replacem the 

.. corresponding jet in print zoni 6i As shown in Figur 7f the replacier^^^ 
.. functional jets of a jet group having two hdn-functlonal-j^^^^ dot.s 

■ ^5-•^'v:..;'un$^^ .:\.:;:::.: ;:■:/;..::.::=.::/:. .;..;.::':v 

Figure 8 illustrates a tHirjd! replacmien^^^^ group rhask 700 hdymg thrie non-functional jets, 

thd thirdvset of replacement masks 7ii)d in^ ta the three 

remaining functip jets pf jj jet:;g In one embodiment, the 

jreplatement 

20 discussed above with reference to Figures 6 and 7. As shPwn in Figure 8^ this replacement m^^^^ 701-703 allow 
the remaining jets of a jet group, having three non functional jets, to print a complete raster line 704, with no dots 
. undccduhtedfor. 

Figure 9 illustrates a fourth set of repliacemerit masks 800 fdr a jet groiip hiaVihg four non-functional jets. 
The fourth set of replacement masks 800 indudes replacementinasks 801 and 802,^ w are allocated to the two 
25 remaining functional jets of a jet group determined to have four non-fuiictional jets. Iii one embodimenti the 
repliacement masks 801 and 802 are assigned to the remaining jets by order of ascending print zone numbers, as 
discussed above with reference to Figures 6, 7 and 8. As shown in Figure 9, the replacement masks 801 and 802 
allpvy the remaining jets of a jet grdup, having four nonrfunctional jets, to print a complete raster line 803, with no 
dots unaccounted for. 

30 In order minimize coalescence and to maintain full speed printing, hbrizdntally adjacent dots are avoided in 

the design of all the replacement jet masks. For this reaisibn, at least two jets in each jet groiip should remain 
functibnar for the abbve described replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 

35 operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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Figure 10 iRustrates the replacemem of the first repla^^^ mask ^00 assigned 

to the remaining jets of a jet group having one non-functional jet each rewaWng jet being m a respectiye print: zone. 
As shovyii in Figure 9. the defecti^ of hd^^^^ is lotated in print zone 1. f h^^^^ print zone 

1 is completely masked, or turned pft such that no dots are fired onto a respecthle raster line of a recording medium 

5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances under the prJnthead in the direction of 
arrovifs 90Z the raster Fme advances to t^^ print zone aiid the next jet in the respective jet group may print 
dots on the raster fine m accordance with the replacement jet mask 501. As the recording medium centinues to 
advance in the direction of the arrows; 80Z, the raster line successWely passes throiigh each of the priht zones and 
the successm jets of the respective jeV group print dots on the raster line iri accordance with their respective 

10 replacement masks: 50 Print zorte^, each dot, 

or designateii printing area^ oil thjii ra is accounted for/ ^ jj^iown h^^ 

FigitriB 11 shows a p^ition of a print mask having the first replacement je|j^^^ Figure 8 

asisigned to jet group 12 iecauW^^ giiiup 12 has jte Note that jet 

12, in print ipne 1,^^d^^^^ 

15 its rciipecilire raider Ibie. "HSi iiiiii^^ 46, 63, 80 and 97 of jet group 12 have been aissighed ieplacemerit 

masks 501, 502, 503^ 504 ant respect h/ely, so ifs to compensates^ 12. 

Figure 12 illustrates adjacent swa a recording rnedium 

a six-zone printing process, with the first replacement jet group mask 500 of Figure 6 assigned to jet group 1 2. 

Note that raster line 12, corresponding to the non*f unctional jet 12, in print zone 1« does not have any dots printed 
20 on it. However, as this raster Tine advances through each of the successive stages, it will be completety "filled in* 

with dots. As shown in Figure 12, after raster line 12 has completed printing in print zone 6, all of the dots of the 

raster lirie are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words. In the example shown, the image to be 

25 printed on the recording medium is a solid block of ink covering the entire printable surface area, otherwise referred 
to as a color fill As shown in Figure 12, each dot is within a square box which represents the area on the 
recording medium which is intended to be covered by the dot of ink; However, these square boxes are illustrated 
merely for the purpose of distinguish areas on the recprding mediuni and are not necessarily yteib^^^ 

on the actual recording medium. Furthermpre, the dots printed on the recording medium may have pverlapping areas 

30 such that there are no spaces between adjacent dots if a solid image is desired. 

For a ghren number of noii-functnnal jets In a jet group, the same set of replacement masks, corresponding 
to thiat nufiiber of non-functional jets/ is used regardless of vvhich jet in the jet group is identified as defectrae. As 
shown in Figure 11, when replacement masks are applied to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these.vertical adjacencies is infrequent and results in minimal 

35 quality degradation. 
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However, if jets, in adjacent jet groups, are identified as defectWe, identical replacement jet masks would 
be used for adjacent jets in print zones w^^ rimaihinp ifiihc^^ jet 

groups. Fqure 13 Qliistrates the use of identical repla jet iiiasks f or a^^^ having one 

defective jet. The first set of replacement jet masks 500 of Figure 8 b used f^^^ groups. 
5 As shown in Figure 13r adjacent rertiiaihing f to jets for both jet groups woiild^produce a significant number 
of vertipailly adjacent d^^ in coalescence andi 

conseqiiently/ significant pri^^^ quality degradatioim 

In order to avpid^ a rotation scheme is 

used for the pjacoTle^^^ For example^ if a jet f aiW^ 'm then the replacement 

10 jet masks 501 ^505 (Fig. 6) are successively applied to the remaining f unctibhal jets of jet g roup 1 in the order 50 1 , 
502, 503, 504 and 505. Each replat^em tliask 501-505 is asstgried to its reispective jet by order of aiscendihg 
print zone number/as described above. If a jet also fails in jet group 2, the replacemen^masks 501-505 are rotated 
such that they are appFied to the remaining functional jets of jet group 2 in the order 502, 503, 504, 505 and then 
501. This rotatmn process is repeated each time another jet in an another adjacent jet grdupr e.g.> jet group 3, is 
15 determifVed to bihdn-fynctidnaU th^ nesft rotatibn Would result in the order 

■ $03, 504^^^ and;then 5K. y .^^^ 

Figure 14 illustrates the first set of replacement masks 50a^a^^ 
rotated once such that the order tha t the replacement masks 50V-505 are appHe^^^^ jets 

20 one which is applied to the remdihing functional jet in the lowest print zone, r0plii(»£ment maS^^^^ 503 is applied to 
the fuhctional jet in the next lowest print zone and so on. Replacement maisk lSOI. is: riowlhe last repliacement mask 

.:'.:tbrbe:-8pplied,.'-" 

By rotating the order of the replacement masks when there are hon fuhctionar jets in adjacent jet groupis, 
vertical edjacencies are minimized and print quarity is maximized even when there are itiany defecthre ji^ts in a print 

25 cartridig& Referring to Figure 15, a first jet 130 of a first jet group is non<:functiqna] and a second jot 132 of a 
second, adjacent j^t group is also non-functio^^^^ the repjarament jet m^^^ applied to the adjacent 

jet groups using the rotation scheme described above. In print zone 2, replacement mask 501 is applied to a first 
remaining, functtonal jet of the first jet group, while replacement mask 502 is applied to a second remaining functional 
jet, adjacent to the first remaining jet, of the second jet group. Thus, there are no vertical adjacencies between the 

30 dots printed by the remaining furictibhal jets in print zone 1. Similarly, in each of the other print zoiies 3-6 there 
are no identical replacement masks for iadjacent jets, and hence, no vertical adjacencies. 

If new defectWe jets are detected in the middle of a plot, a firmware algorithm, which updates one print 
zone of the print mask per pass of the printhead, allows for the smooth transition to open jet compensation. Print 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 

35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 
printhead, etc. If a new defectWe jet is detected in the middle of printing job, onjy the jet masks corresponding to 



wo 99/08875 PCTAJS98/16101 

print zone 1 are updated for the next pass of the printhead. After completion of that pass, the jet masks 
cbrrespbhdihg to print zone 2 are updated but the jet masks corr^^^^ unchanged. 
This process continues until all the zones have been successive ascending 
print zone numbers. In this way, a corresponding raster line which has been successfully printed in a print zone, 

5 prior to the failure of the defective jet^ completes fts subse^^^ any subsequent print zones in accordance 

whh the original jet masks for the respective jet group responsible for ^ raster ffiie. 

The foltowing describes an improved detection method and system for detecting nonfunctional ink jets, or 
other elements, in an ink jet printhead,^ w^^ is utjfized in a prejfcM^^red embodiniont of the invention. Howevo^, it is 
understood that the Jnyention is not limited to thft any 

10 detection methiHl and syaem which^^i^^^^^ 
: Rief erririig^ f^ 

embodiment of the invention; is iiloi^ratea; 1lie ditiiit^^l^ sw!tcliinip|p6m^ 1 

which butputs a pulse ifjijare wave Ollwt) ta^^ 

Coupted tO:the inductqrt^^^^^ 162 ^ $ capaid^ vyith the; o^^^ a 

15 ibw^pasis fatei fbr^ output of tile swSiii^ of the 

switching power supply 80 is a pube: si^gare w period T. the jow^pass filter, comprising the inductor 

(L|) .162 and the output capacitor ((ii) 164; conve square virave into a dc output voltage (VJ 

which is stored in the oM capacitor (C|) 164, An output "bleed" resistor (Rj 166 is coupled in pa^ the 
output c^pacH6r lC|) l^^^ 

20 rate which is inversely proportional to the value of the resistance of the bleed resister (R,) 166. Switching power 
supplies and kiw-pass output filters such as those described above, and their principles of operation, are well-known 
in the art. Therefore, a detailed discusstoh of the function and operation of the switching power supply 80 and the 
low-pass output fiher, comprising the mductor (L,) 162 and the capacitor (C^) 164, is not provided here. 

In order to regulate the output voltage V^^ of the switching power supply 80 and hencer the dc output 

25 voltage Vc present on the capacitor (Cv) 164, a feedback circuh is coupled to a feedback port (F^^^^^ 

power supply 80. The feedback circuit includes a resistor divider network coupled in parallel to the capacitor (C,) 
164, which divides the dc output voltage (Vc) into a desired feedback voltage (Vfb) which is then applied to the 
feedback port of the switching power supply 80. The feedback network consists of a second resister (R2) 168 and 
a third resistor (R,) 170. As is well-known in the electronics arts, the magnitude of (Vfb) is related to the values 

30 of Vc, R2 and R3 by thie fbildwing equation: 

In order to regulate the dc output vohage (Vc)/the feedback voltage (Vfg), which is directly proportional to 
the dc output voltage (Vc), is compared to a reference voltage (V^f) to determine whether the output voltage (Vc) 
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is within a desired voltage range. The reference voltage (Vi^f) is provided by a raference capacitor (Cj) 176 which 
is cdnhe^ted in senesVw 

sourcei (Vrout) of the svyitdiing power supply 80/ the swltchmg^ the Ipw-pass fihcir cdnlip^^^^^ 

162 and (CO 164rtHe vohage-di\rider resistor ne^^^ 

scheme briefly described above, are weli-khown in the ail a^^^^ The 
switching power suppiy 80 may be any commiercbiiy availabie pow^ which can provide the desired regulated 
dc output voltage (Vc). In oiie embodimdnt/the desired output vbltagr and the values 
of the various: above^de^ fdllpwing: table:. 

Ad/m 400^ 1KQ 1.65KQ 100KQ ZT/jf 30KQ 

Coupled to the dc regulated output voltage (Vc) of the switching power supply 80 is the printhead cartridge 
44 of Figure 1 having eight power lines P,<Pa. Each power Ene P|-Pb is activated by a corresponding switch 190 
which provides dectrical connectivity between the dc output (Vc) of the switching power supply and a respective 
ink jet ii9Z Each of the inV jets respective addrw^ are 

"turned on'' by a r jespective switch 194 which opens and closes to prdvidie electrical cohrtectivity between electrical 
ground and each of the ink jets 1 92^ In one embodirnent each of the switches 190 and:l94 correspendinig to the 
powefc lines; ani^^^^ 

As shown in HguriB 16, eacti pdvver line P|^Pb: has asi^ctated t 13 ink jets 192. Each of the 13 

ink jets 192 for each power Pne PfPa is coupled to a respectwe address line Ai^A^j, providing a total of 104 (8x13) 
ink jets 192. In order to 'fire' an ink jet 192t its cori'espdhding power fihe and dddresi line must be sim^ 
turned on so as to provide a conduction i|^tN from the regililatied output voltage (Vc) of the power supply 8D to 
electrical groundr thereby closing the drcufr For exampfei if H il d^^^^^ 

jet 192a as shown in Figure 16if the switch 190 corresponding to power fine 1 (P^) must be closed as well as the 
switch 194 corresponding to acidress li^ 3 (A)). Only theri. will the ink jet T92a be caused to fire. As desipribed 
above, the switches 190 corresponding to the power lines PvPs and the switches 194 corresponding to the address 
lines A,*A,3 may be bipolar NPN transistors which are activated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to activate the respective power or address fines, 
in accordance with the invention. 

Referring to Figure 17, an bik jet matrix 44a, corresponding to the printhead cartridge 44 of Figure 16, is 
illustrated^ The ink jet matrix 44a niustrates the relationship between each ink jet 1192 and its corresponding power 
and address lines. Each of the power lines Pf Pa is turned on and off depending on whether an ink jet 19^ 
corresponding to the respective power line is desired to be fired. Similarly, each of the address lines A,-Ai3 is turned 
on and off depending on whether an ink jet 192 corresponding to the respective address line is desired to be fired. 
Figure 17 further illustrates that, in order to fire ink jet 1928, for example, the switch 190 corresponding to power 
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line P| and the switch 194 corresponding to the address line must both be closed so as to provide a closed 
electrical circuit from the dc output of the power supply to electrical ground for that particular ink jet. 

Figure 17 is not an electrical circuit schematic diagram, but rather, ah illustration of the correspondence 
between a power llne and an address line for each respective ink jet 192. Furthermore, the ink jets 192 are not 
S necessarily arranged on a printhead cartridge 44 (Figure 1) in a matrix configuration as shown in Figure 17. Nor 
are the irik jieits 192 directly connected to adjacent ink jets 192 as suggested by Figure 17. Rather, in a preferred 
embodiment^ each ink jet 192 is mdependently coupled to its respective power and address line such that the firing 
of one mk jet does not affect the fVmg p jet As shpwii in Figure 17, each of the power fines ?y?^ 

is coupled to the dc output of the switcM^^^^ iS. Cprrespdndin 

10 fines Ai'A,3 is coupled to grouni In one einbqdini$nv each includes its own separate and 

independent pbvyer tihes Pri'a.^ i^^^ 

within e printhead carriage 42 (Rg^ It therefore, as stiown In ^^R^^ 17, eec^of the address lines Ai^^w 

contmue on tbwardithe next^^p^ 

Referring ehce again to R^^ 

.15 resistor 172 aM^ In one embodiment, 

the pull do wn swft^^ the pull-d^wm r 172 aiid 

the puP-^own switch 1 74 are cpMpied to the vohage-dMder riBStstdr network they are connected in parallel 

with the 

The regulatje^ 

20 and thereby pulling down the magnitude of the feedback voltage (Vps) which is applied to the feedback port (FBJ of 
the switching power supply 80. By turning on the transistor 174, an electrical conduction path is provided between 
the pull-down resistor (R4) 172 and the circuit ground, thWeby effectiviBly addinig the pull down resistor |R4) 172 
in parallel with the third resistor (R3) 170 of the voltage-divider resistor network. By adding the pull*down resistor 
(R4) 172 in parallel with the third resistor (Ra) 170, the effective feedback resistance (Rfs) is decreased. The value 

25 of the effective feedback resistance (Rpp) is governed by the foltoW^^^ 



Because the feedback voltage (Vfb) is directly proportional to the effective feedback resistance (R„), a 
decrease in (Rfb) leads to a proportional decrease in (Vfb). When the feedback voltageJVJ is decreased by turning 
on the pull down transistor 174, thereby decreasing the feedback resistance R^b, the switching power supply 80 
30 compensates for this decrease in feedback voltage by increasing the regulated dc output voltage (Vc). The switching 
power supply does this by increasing its "switching duty cycle," Le., providing a longer pulse waveform to the low* 
pass filter comprisbig the output inductor (LI) 182 and the output capacitor (C,) 164. The pulse square wave begins 
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charging the output capacitor (C|) 164^ thereby 164. The 

switching power supply 80 comihueis to provide the low-pass filter until the 

regulated output vbl^^ (VJ is stabilized at a hew highervphage 1lie output voltage (V^) increases until the 
directly propdrtibhal feedback voltage (Vpg) reaches its previous voltage le^^^^ to the pull down transistor 174 
5 being turned on. At this point, the regulated output voltage {^^^^ the 
switching powe^^^^^ 80 temporanly ceases s^^ 

After the regulated dc output voltage (V J has been etevated to its new voltage level; it may then be 
decreased! to its original voltage level by turning off the transistor 1 74. By turning off the transistor 174 the 
effectiye feedback resistance on(^ again resumes H^^^ higher value whi^^^^ the resistance of third 

10 resistor (R,) 170, This in turn increases the feed^ to the switching power 

supply 80 that the output voltage level (Vc) is too high. At this point, the power supply 80 is riot providing a pulse 
waveform to the low^pass filter, and therefore/ the yioiltaigj^ 164 is decreasing as 

current discha^es from fho capacitor (Ci) 164; When no ink: jet^^^T^ being fired, of no power lines Pi^Pa or 
. . address lines A|tAi3 are turned oh, the Qutput^^^^^^ output 
. : 15 ■ tesistaihce; senesi thiiN^a 

the tjlei^ resistbn 166, at a ra^ itap^citahcd valUb^ 

and inveifiiely 

Ref errmg to Figure liSi^ ja. yqltaga rei^dnse illustrating th^ discharge of the output cajpacit or (^^^^ 164 
(!^!gu|^:IB)r 4 sh^ The:yertjcal:a^ indicipis: the^^m 

20 output voltage (Vc) and the horizotital axis of the reisponse curve indicates t^^^^ At a time to the^regulated output 
voltage is in a stabilized, elevated state^ indicated by Vh, and the puD-down transistor 174 (Figure 16) is turned on. 
At; time t„ the transistor 174 is . turned ofiF, thereby increasing the eff^tive feedback resistance to its bfiginal 
value of R3 170. This prbpoftiohally increases the fee^^^ vdNagiB level which in turn indicates to the switching 
power supply 80 that the regulated output voltage is too high. At this point, the switching power supply 80 is 

25 not providing a pulse square wave output signal to the inductor (L^) 104 and capacitor (Ci) 164 (Figure 16) and the 
switchihg power supply Is effectively ^^^^ 

From t, to the output capacitor (C,) 164 discharges at a rate which is inversely proportional to the 
resistance at the output of the switching power supply 80.. The voltage, decay resulting from the discharge of the 
output capacjtoF (C,) 164 when no ink jets are being fired, and no power or address lines are turned on, is indicated 

30 by: the response curve 400. As discussed above, when no ink jets 192 are being fired, and hb address or power 
lines aire turned on, the effective output resistance of the switching power supply 80 is equal to (RO 166, coupled 
in parallel with the sum of the series resistors (Rj) 168 and (R3) 173. However, for purposes of the following 
discussion, we will treat the effective output resistance as being essentially equal to the bleed resistor 166. This 
approximation does not change the analysis provided below. The time required for the output capacitor (C^) 164 to 

35 discharge through the bleed resistor (Ri) 166, such that the regulated output voltage (V^) decreases from (Vh) to 
(Vreg), is illustrated as r - tj • t,. t is referred to herein as the reference discharge time period. 
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By measuring the reference discharge time period r required for the output voltage (Vc) to decrease from 
a value of to a reference value which is inversely proportional to the amou 

output of the swhching power supply 80^ This output ref erence indicates the amount of 

current pulled from the switching power supply 80 when no itik jets 192 are being fired, Le., all power lines P^-Ps 

S and an address r»ies A,^A|3 are turned off. ITiis reference discharge period is measured from the point when the 
pitll-down transistor 174 (Hg. 16) has b^en turned back off at tim t^ after the output voltage has stabilized at 
its new higher value Vh, until the point in time when the switchfaig power supply resumes switching, i;e., outputting 
a pulse waveform, at time its. A sensor ISO coupled to the output of the switching power supply 80 detects the 
pulse waveform output (Vout) of the svyitqhing power supply 80 at time t, and re;cords the time of detecti^ The 

10 sensor 180 may be any one of numerpus:#^^^ tapabte of detecting a pulse wayeforiii; and: which are 

wen>knpwn in the^ art. 

Similar la the method of obtaining thi^ ref^ence; d period described $j|cive, a test distihaiigie j^eriod 
may be obtained for each of tW following condft^ 

an address Bne A,rA,3 is turnftd on; : and (3) vyheti a:^^ turned -on J,e^ H$ ; corresppndii]|g|. ^omi: line and : address 
IS : fine :is siiiitujS iii oHe in^ discharge period ir^l^ rheasiiried for 

eiai ch of the power lines P,-P W^WiJ^ address land each of the iitk >ti iM^im at a t line. For 

example by turning on each po weir line ^ iP;i-P^: one at a t tme> without turning oil any of the address lines A^^A^,, each 
of the power lines P^-Pe may be individually tested. Thus, each element of a prtnthead cartridge 44 may be 
individually tested. 

20 , discussed above, in order to fire an ink jet 190, a corresponding power line and address line mu^^ 

simultaneously on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground. Only then does the switching power supply 80 provide the desired voltage and 
current across the respective ink jet to be fired. Therefore, when a power line is turned on without turning on any 
address One, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and, consequently, there should be no additional current draw from the capacitor (CO 164. By successvely 

turning on each power line, one at a time, with the turning off of the pull down transistor 174 at time t,, it can 
be determined whether a power line, by itself, is drawing additional current from the power supply 80 when it is 
turned on. Since there shpuld be no additipnal current drayy from a sm^ address lines are 

simultaneously on, the test discharge period r,^ shqiiU be equal to the reference discharge period r. However, if 

30 the test discharge period r,u, is measured to be substantiaDy shorter thaif the reference dischargie period r, this 
necessarily indicates that additional current is being drawn by the tiirhitig on of that respective power line. As 
shown in Hgure 18, if the test vbhage response cuhre 402 falls to V^ iii ah amount of time indicated by which 
is substantially shorter than r, the respecthre power line is determined to have a short circuit and/or an undesired 
ctosed circuit to electrical ground associated with that power line. In one embodiment, if the test discharge period 

35 Tiu, is less than 30% of the reference discharge permd t, the respective power line is deteminied to be defectWe, 
or nonfunctional 
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In the circuit illustrated Figure 18, the turning on of a power line may be accompfished by providing a 
voHage piilse to the corresponding NPN transistor 190 f^^^^ Ih one eModiriiient the puls^ 

on a respective power fine during testing of the^ which Is 16 times that of a pulse which 

is used to turn on the power line during actual firing of an ink jet during normal operation of the ink jet printer 54 
5 (Fig. 1). As explained in further detiail belowi the 1/1^^^ fire an 

ihk ji^^ 1^ iihe, must be compensated 

for by dividing any miaasured current draVvn by a power fine during testing by a fact or of 16. The in crease ui duty 

cycle of the te$t pulse afio^^ output capacitor (C|) 164 to discharge by an amount 

proportional to dV during testing of the power fines. Additibnally, the increased duty.c more accurate 

10 .measurement of the ch^^^^ 

After all the power linies P|-PB have been tested, each address line A^A^g can be tested one at a time in 
a sinmilar fashion to the testing of each power fine PyP^ as described above. The prot^dure for testing an address 
line may be identical to the procedure for testing a power line and, thereforerneed not be repeated here. 
From Equation 1 above, we kridw that the average current pulled frorn the switchi 
15 by the equation i^e -" C x (dV/d11^ where C is the output capacHahbe vaiue^^^^b^^^^ capacitdr (C^l 184v dV is a 
change in voltage of the regulat^cl dc ou^ the capadtpr T64 dis and dT is the time 

measured f or the vdhage change; to occur. From this equation, wb see thbt; the; cutreh^ output 
capacitor (C,) 1 64 is inver^isly prqppftiOnai t p the tinie period dT req iiired. to discharige the output capacitor (C,) 1 64 
: vas; the; b^ 

20 discharge period in m pb^iblie to calculate the average Wrent b^^^^^^ 
the time period required for the yoltagja across 

By conducting a nodal analysis at the output of the swK^^^ 
equation is obtbihed: 



25 where l«,4, is the total amount of current drawn from the output capacitor (C,) 164 when an ink jet is fired, 1^^ is 
the amount of current drawn by only a single ink jet when it is fired, Ip is the aniount of current drawn by only a 
single power line when it is turned on (note that a properly functioning power line should draw negligible current), 
I, is the amount of current drawn by only a single address line when it is turned on (note that a properly functioning 
address line should draw negfigible current), and 1^, is the amount of current that is drawn by the '^bleed" resistor 

30 (R,) 166. 

By rewriting the above equation in terms of discharge periods which are inversely proportional to their 
respective currents, the following equation is obtained: 
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i-.:=:::i 1,,,-. 
a a a 



where Jm is equal to the measured dhpharge period vyhen a single ink^ j^^^ is fired^ represents the discharge period 
whibh is Inversety proportional to the actual single ink jet when It is fired, P, represents 

the discharge period which is inversely proportional to the a^^^^ drawn by only a single power line when 

it Is turned on, A« represents the d^ js inversely prpportlpnal tQ the actual ourreot drawn by only 

5 a single address Rne when i^^ 

proportiqnaltp the amount 0f cu]nni^ 

Betmiira the ble^d^^m^ any measured 

values of ciirrerit drawn by firing pnj^^ rhiiisf 
take into cohsiderkibn the cbritimioul^^^ WitI this in mih^ 

1 0 folio vyiriig equation wit^ respect to the measured current drawn froth the switchiiigj)^^ when only a single 

addres$-1ihiB;i$;tum 



:;::.;IW,; 



where A„ represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned oh/ Note thM^ 
15 164 through the bleed resistor (R11 166 is represented by 1/r. From Equation 6, we can obtain the actual current 
dravvn by the address line as follows: 

JH. 



Similarly, the measured current drawn when only a single power line is turned on is represented by the 
following equation: 



1 16 1 

= + _ (8) 



m a 



20 
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where P„ is the measured discharge period for the capacitance voltage (V^) to change by an ama 

a iinfile^ p^^ on. As explained above, the fact that 1/P« is multiplied by a factor «f 18 is due to 

.the fact that during the test mode. 

The power line is turned on for a duration which is 16 tones the duration that the power line is turned on 
when firing an ink ^t during normal operation d the ink jet printer^ in uther words, during actual operation of the 
ink jet printer, an ink jet is fired by ''pulsing'' the power line at a duty cycle which is 1/1 6th of the duty cycle of 
the power line during testing of the printhead. From the above equation, we can obtain an equation which represents 
ithe^^^^^ by firing only a single power line during actual operation of the ink jet printer as follows: 



1 1 1 



16P^ 16t 

C Iff 



10; :|y:fei^ 



(9) 



JL=J_-J_-_L-i 

A„ X 

a tit a a 



(10) 



M i|N9vi| in the values for 1/A, and 1/P, obtained above, tho fonowing equation is obtained: 
am mm 



■ above, J„ equals the measured amount of time required to discharge the capacitor Ci such 

is that hs r represents the amount 

time df : requp^ the voltage capacitanca tQ^ d^^^ dV when no elements of the 

pnnthead cartridge a time period required for the capacitor to discharge by an 

amoahtiequar to: dV wheii: a single pbwer line is turned oh. And f inatly> A„ is the measured ambun time required 

for the cajiacitianbe to distharge by ah amQuht equa to dV when bhiy a single address fine is tumed on. By 
20 measurmg ea^^ Values individually, ay 1/J,:may be bbta discussed above, 1 1 J, Is directly 

proportional to the actual amount of current which is drawn from the switching power supply by only a single ink 
jet when that ink jet is fired, not including any current drawn by the bleed resistor 166, nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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madci as to whether thjat ink jetl^ 
power nrie or address line fbp^ 

Thus, the iny0ittio^ output 
capa[Citor (Pi) 164 whein 
5 in proper working con^ WtfiJ^nSfe^^ 
ciilJ^pKpr^ffi^^ 

drawn from tte outp^ capap^^^^^ 
Ajftar these values are qbtaine^ 
the^ f an whhin thej^^ 
10 ■ prPWdei by^^ a 

line, a failed address line^ or a faHed ink jet, as desired by the designer and/or manufactijrer of the ink let printer. 
By otitaining these values, it can be determined whether an ink je! printhead has a^^efectnre power line« or a 
defective address fine, or whether the ink jet nozzle itself is defective. The comparison of the values Pg and A. 
to the threshold values or ranges may be accomplished by any circuit which is welt-knovym in the electronics arts. 
15 A significant advantage of the method and system of the invention is that unlike prior art methods and 

systems no series current sensing element (i.e., resistor), is used. Instead, the method and system of the invention 
■ ■ n^!M|SMres-.the:;tin^^^^ 

In one embodiment, measurement sequence is a.$ follows: 

1. Command the output voltage of the switching power supply to shift up by dV and allow it to raach 
20 the n^iw vajiie: th|s may ba iccoiit|j|s^ 

Z Activate circuitry^ t^^^^^ testj or do^ 

referienfcevdKchacga^^^^^ 

3. Command the output voltage down and start the time 
measurement. This may be accomplished by turning off the pull-down transistor 174; as described above. The 

25 swHchIng power supply win not start switching until the output voltage draps to the commanded value; 

4. When the switching power supply resumes switching, record the time measurement This will be 
the measured discharge period which is inversely proportional to the amount of current discharged from the output 
capacitor C^ 164. 

This technique can be used to measure the quiescent stata 0.e., when no elements are activated), t^ 
30 primheiad cartridge address lines, tBSt t test printhead 

cartridge, test the printhead cartridge heaters, or test any combination of these. The measurement of the quiescent 
state is accomplished by measuring the rieference discharge period and is used as a reference point to calibrate the 
other measurements. , 

In one embodiment^ the above-described measurements are conducted for each address line and each power 
35 tne, and each Ink jet at the startup of the bik jet printer operat»n. For example, each power line PyP^ is 
successively turned on in order to measure the value of the discharge period P,„ for each respective power line. 



\^09m^ • "■•pcTyys98/ieioi-- 

SiiTiil^irlyi; estch addresi is isubqe^^ turned on in order to measiiref; the: dischargei period . for Bach 

^ : r^^ 

discfiairgi^ pe J,^ for each mdividu^l in^^^ tait ridg e: Py otitaihihg the: values^ for ^kcK 

poWet Hh^ eat^^^ the values 

5 for JSii^ 1^^^^^ described alibve^ BSs^tf^ o^ A,; the method and system of the 

presiBTit ifiye^ a failed irik jet, 

for e^tarnpl^ After ai idefectivci; or f^ 
actions may thai be taken to repair, replace^ or compensate for the damaged element. 

As described above, a methoid and system is provided having significant advantages and features over the 
10 . prior art in accordance with the invetition, if one or more ink jets in a jet group is detected as being nonfunctional 

group. This is accomplished by assigning replacement jet masks to the remaining f^jjctional jets within each jet 
groiiflhi^ 

llfl^iiif rtii^hbd to reduce or 
elimih^e ^yoicbf: 
horii^intally^^ jsdlajiiijQintl^li^ 
; fuftctidnia|i[tlien iotrder iff iassifinmerit ipf -th^ masks to : ttie ; rpditiin^ functional: jets : bf = tItGi 

20 jelt|^0up^^ 

:.;'.:'...adja^rtci^^^^ 

luihtl^r^ 
mbttiiid an^ 

25 : printhe^^^^ 
; t^ 
; iQ pnt 

: of a pfiiitilig:;^!^ mask to thp irepjac^^ group . m^sked^^ 

. . .........:aolSeived.... .. . 

30 Rhally; as described abbye^ method and syste^^^^ : 

which the iciiri^eni required t^^ f ire an iiik jet is' h^^^^ Vdltbge drop acrbiss a sbribsiretSisitbr, 

but rather, by measurng the discharge rate of an output capacitor connected to an output of a switchihig power 
supply as one or more ink jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the printhead 

35 carriage less efficient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capacitor after an ink jet has been fired, or after a power line to the ink jet has been turned on, or after an address 
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line to the ink jet has been turned on, and comparing these test discharge rates whh a reference discharge rate, the 
invention provides a way to determine if there Is a defective ink jet, a defective power line« or a defective address 
line, for example, and to also distinguish between these types of faiures. 

The invention may be emhodied in other specific forms without departing from its spirit or essential 
characteristics. The described embodiments are to be considered in all respect only as illustrative and not restrictive. 
The scope nf the inventmn is, therefore, indicated by the appended claims, rather than by the foregoing description. 
All changes which come within the meaning and range of equivalency of the claims are to be embraced within their 
scope. 
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.. Myys^^^ 

print mask; 

a print logic circuit, coupled to the processor, which receives signals from the processor ib cpntrol the 

operation of the printhead; and 

wii^ each ink jet being assigned to print respective dots 

10 on a respective raster line of a recording medium in accordance with the at least one print mask stored the 
memdryi; vrtrtm i^^^^ je|t 1$; d^ Ifea Jrt ; a m ask is i replatiBd 

yyfitli^W 



15 2. The ink jet printer of Claim 1 wherein: 

s|i| pirfn^ ihk jet 

being as%ned to piriitt r^jiecitiyie : |b|5^^:d^ tipster iin;r ii|f ; a|i|^ of 

; ink;]^^^^ 

; :;: 

26 of^^j^^^^ 

;..:j::jiitlk:Jfi^^^^ 

s^il j^liiiiie^ wtiicK re^lacei t^^^^ 

mask f br a jet group haviiiig oiie or mora ridiifiin£^^ wherein thci it Idast bh^ r0pliademi^}|eit^^^ 

anocMies this printing of dots to the remaining functional ink j^^^^ of the jet group having one or more nonfunc^^ 

25 ink jets ip a^^^^^^ 



3. An Ink jet printeiv comfirisihg 

tiP:Prjnt iB^peictiViie doti 

. when.an ink jet.is detected as being^ 
3d' . pnrit:maisk;:m^ for the- defective 



4. The prihter of Claim: 3 wherein: 
said printhead comprises a plurality of print zones; and 
35 said plurality of ink jets comprises a plurality of jet groups, each jet group having at least one ink jet 

corresponding to ejach print zone, wherein each jet group is responsible for printing dots on a respective raster line 
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of a recording medium, and wbier^in wheii an Jnk jet ia 
iii that jet oroiiff c0rt^ 

5.. .. /Tbe-priritar::o^:iClim:^^^^^ . 

5 said print ma^k compr&e^ 

one of 5ai4 iflMrafi^ 

to a respe^e ink let in a respective jet group; and 

said replacement print mask comprises a replacement jet group mask which replaces the jet group mask 
for a jet griinip ha^ng 0 

10: printing of dots to the remaining functional ink jets of the jet group having one or more non-lunctfonat ink jet$ so 
as to compensate for the one or more non-functional ink jets. 

. 6. The printer: of Claim B .wherein said replacement jet group mask comprises a plurality of 
replacemenl jet mjisks, e^^ 

15 having one or more non functional ink jets, and wherein the plurality of replacement jet masks allocate thie printing 
of dots to the rerttt^ 
functional ink jets in that jet group* 

20 during a printing process/the replacement jet masks assigned to ti^^ 

successively replace the original jet masks of each respective ink jet in that je^ gr^^ per 
pass of the printhMd pver^^t^ : : 

mask/to'thrrepW^^ ni?sK: ' ■ 

25 8, The printer of Claim 3 wherein a first subset of said plurality of ink jets corresponds to a first 

jet group and a second subset of the plurality of ink jets corresponds to a second jet^ 

wherein ink jets belonging to the first jet group are each assigned to print respectWe dots on a first raster 
line of a record^^^ 

is detected as beihg 4^ective, the fir^^ 
3D or jjilbre di the i^^ 

and '' " 

wherein ink jets belonging to the se^^^^ 

raster line of the recording medium in accordance with a second jet group mask^ wherein when an ink jet in the 

second jet group is detected as being def ecttve« the second jet group mask is replaced by the replacement jet group 
35 mask such that one or more remaining ink jets in the second jet group compensates for the de^ectwe Ink ^t in the 

second jet group. 
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9i, The^printer of Claim 8 wherein: .: 

said replacement |et group mask comprises a plurality of replacement jet masks, each replacement jet mask 
determiriing the printing configuration of a: d^^ 

wherein, when said first jet group is adjacent to^^ s^^^ of replacement jet 

5 masks are assigned to respective ink jets in the first and second jet groups so as to ayoid the printing of vertically 
adjacent dots during a single pass of said printhead over the recording medium. 

10. The printer of CJam 9 wherein said plurality of replacement jet masks are sequentially numbered 
and assigned to respectwe remabiing functional ink jets of the first jet group based upon the print zone numbers of 

10 the remaining functional ink jets such that ascending replacement jet mask numbers correlate with ascending print: 
zone numbers; and 

when said first jet group is adjacent to said second jet group, the plurality ^f replacement jet masks are 
assigned to respecthre remaining functional ink jets of the second jet group based on a rotation scheme such that 
the order of assqnment of the plurality of replacement jet masks to respecthre functional ink jets in the second jet 
.15 group is rotated when compared to the order of ass'^ment of the pluraHty of replacement jet masks to respective 
functional ink jets in the: first jet group so as to avoid the assignment: of: identical replacement jet masks to adjacent 
ink jets tn one prmt zone. 

11. A method of compensating for nonfuncttonal ink jets in an ink jet printer which includes a:: : 
20 printhead having a plurality of ink jets, each ink jet henig ass^ned to print respective dots on a respective raster 

line of a recording medium in accordance with a print mask, said method comprising the acts of : 

determining when one or more ink jet& are nonfunctkmat and 

replacing at least e portion of the print mask wh^^^^ 
remaining ink jets of the plurality of ink jets compensates for the one or more nonfunctional kik jetsi 

25 

12. The method of Claim 11, wherein saU printhead comprises e plurality of print zones wherein only 
a portion of a raster line is printed in any 0 

each jet group having at least one ink jet corresponding to each print zone, wherein each jet group is responsible 
for printing dots on a respective raster fMiie of a recording medium# saki print mask comprising a plurality of jet group 
: :30 : ;ma$ks,;:each;jet grpup mask corresponding to a respective oiie of : sakl plurafity grbiips, each jet grdupiniask 
having a plurality of jet masks, each jet mask corresponding to a respective Ink jet in a respective jet group, and 
wtiereih said act of replacing at leiast a portion of said print m^ comprises: 

when a jet group is determined to have one or more nonfunctional jets^ replacing the jet group mask for 
that jet group with a replacement jet group mask which allocates the printing of dots on a respective raster line to 
35 the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 
in that jet group. 
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13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 
having one or more non functional ink jets, and wherein the plurality of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets in the respective jet group so as to compensate for the nonfunctional 

5 ink jets in that jet group^ and wherein said act of replacing said jet group mask with a replacement jet group mask, 
comprises: 

when an ink jet in a jet group is detected as being non-functional during a printing process, successhrely 
replacing the original jet masks of each respectwe Ink jet in that jet group with the corresponding replacement jet 
masks ass'gned to each respecthe ink jet in that Jet group one print zone at a tima, per pass of the printhead over 
10 the recording medium, so as to provide a gradual transition from the original jet group mask to the replacement jet 
group mask 

14. The method of Claim 1 1 wherein a first subset af said plurality nf ink jets corresponds to a first 
jet group and a second subset of the pluraDty of ink jets corresponds to a second jet group; and wherein said act 

15 of replacing at least a portion of said print mask comprises: 

when an ink jet in the first jet group is detected as being defecfwe^ replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask such that one or more of the remaining ink 
jets in the first jet group compensates for the defective ink jet in the first jet group: and 

when an ink jet in the second jet group is detected as being defective, replacing a second jet group mask 
20 corresponding to the second jet group with the replacement jet group mask such that one or more remaining ink jets 
in the second jet group compensates for the defoctive ink jet in the second jet group, 

15. The method of Claim 14 wherein said replacement jet group mask comprises a plurafity of 
replacement jet masks, each replacement jet mask determining the printing configuration of a designated ink jet, and 

25 wherein the method further comprises, when both the first and second jet groups have a nonfunctionalink jet, and 
when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and second jet groups so as to avoid the printing of verticiaUy adjacent dots 
a single pass of said printhead over said recording medium. 

16' The: method flf Claim 15::vvher0i^ 
respective ink jets in the first^a^ 

de^gnatlng each replacement jet mask of said plurijifty of ^^re^^ 
assigning each replacement jet mask to respective remaining furic^^^^^ 
^^'^ P""* ^^^^ ^^^^'^^^^y the remaining functionai ink jets in the first >t grtiiip such that ascending 
replacement jet mask numbers correlate whh ascending print zone numbers of the remaining functional ink jets in 
the first jet group; and 



30 



35 
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: : W^^^^ jet 

: ::: :!:raai^::i^^ 
Vorderi^ 

is iii^ of the plurality bf reipla jet maisks to^ respective 

5: fyni^bnaim^ the first jet g^^ print 
2^ correlation between the 

rbpi^^ 

i^ii^nr^ cMieijpijnn 

10 17, An ink ^t printer system for detecting a nonfunctional element in an ink jet printhead, cdmprisihg: 

a switching power supply^ coupled to the Inkjet printhead, for suppFying power to the printheadi; 
an output capadtor, coupled to an output of the switching power supply, f ^ storing a dc voltage therein; 
a bleed resistofr coupled in parallel to the output capacitor, for discharging current from the output 
capacitor; 

15 an eutput shifting circuit, coupled te the switching power supply^ for shifting the dc voltage levieii iacross 

the output capacitor between a low state and a high state; and 

a sensor, coupled to the output of the switching power supply, for detecting when the switching power 
supply is switching, wherein an element of the printhead is tested by measuring a test current discharging from the 

: 0^ 

:: ! : t^^^ 

a iii^li^ firM resistor and a secpnjd^ iri is^i'fes: with thie first 

resistc^iv whereiif f^ cdupjed to said ipi^put cap^^ at a first node and^thG|vSe^ riEfsist or 

^^■^^ ; a^^^ aiid: . 

a pjjjH^dQwn thfe pullrddwn switch is 
.turned q^^^ 

:3Q: is;ti[iim$d:bff3^ theiputputpapac^ low-statd at 

a ra^d Wiii^ ah ainbiint <)f cumhf disdiiartg 



35 



18, The system of Claini 17 wherein: 
. said sensor measures saki test current by measuring a test discharge period required for said output voltage 
to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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30 

said element which has been activated, the test discbarge period being inversely proportional to the test current: and 
wherein 



said sensor measures said reference current by measuring a reference discharge period required for the 
output voltage to decrease from the high state to the low state as a result of the output capacitor discharging 
5 current througli the^^^^^^^^^^^^ resistor, the reference discharge period being inversely proportional to the reference current. 

20, TKe^ystem of Claim 18 wherein said output capacitor is coupled to a plurafity of power fines of 
P^nthea*^ ^^^ having a plurality of ink jets, each ink jet corresponding to one of a plurality of power 

•""8$ and one of a plurality of address fines of the prJnthead, and wherein, when an ink jet is desired to be tested. 
Id Its corresponding power Tme and address line are simultaneously on, when a power line is desired to he tested, only 
that power fine Is turned on, and when an address line is desired to be tested, only that address fine is turned on. 

. »' .... 

21, An Ink jet printer system for detecting a nonfunctional element m an ink jet printhead, comprising: 
means for supplying regulated power to the prbthead; 

capacitor means, coupled to the means for supplying regulated power, for storing a dc voltage therein; 
n^eans for discharging current from the capacitor means; 

means for shifting the dc voltage level stored tn the capacitor means between a low state and a high state; 
means for measuring a test current discharging from the capacitor means when an element of the printhead 
is activated; and 

2P means for comparing the measured test current with a reference current which discharges from the 

capacitor means through only the means for discharging when no element of the printhead Is activatel 

22, The system of Claim 21 wherein said means for measuring a test current comprises sensor means 

for detecting when the means for supplying power is providing a predetermined output s^^ 

25- . ■■■ 

?3. The system of Claim 21 wherein said means for shifting comprises: 

means for dividing said dc voltage level by a desired amount so as to provide a feedback voltage to said 
means for supplymg power which is representative of said output voltage levek and 

means for adjusting the means for dividing such that said output voltage level is adjustable from its low 
30 istate to its hi^^^^^^^ 

24. The system of Claim 21 wherein: 

^^"'J"®^"^ measuring said test current includes means for measuring a test discharge period requir^^ 
for said dc voltage tevel to decrease from said high state to said low state as a resuh of said capacitor means 
35 discharging current through an activated element, the test discharge period being ta^^ test 
current: and wherein 
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$aid means for measuring said reference^ 

; ^i$biji||^ the 



storing the regulated power in a capacitor so as to provide a dc voltage across the capacitor; 
10 shifting the dc voltage level stored in the capacitor from a low state to a high state; 

state to fte low state; r.^ 

: m 

of the printhead are activated; 

comparing the measured test current with the reference current. 

} ^: s witi^ir^ ff^Vl^r isuppl^ : b providing an ; $aijil:i ca{))|c|tid[r:>; the ; capiPitjoK: beififi ; icoupled^ to the 

20 output of the switching power supply. 

d desired amduhf so as to provide a feedliiiatlc v^ tb said 

switchmg po^^ 

25 adjusting the feedba^ voltage level such that said dc voltage level is adjusted from its low state to its 

'■''hlgS's^^ 

28, Tlje n^hod of G^^^ 

said act of measuring said: test :^urr^^^ test. dispharge periodi requirbd :fo dc 

30 yohage lever to decrease from said ::h^ 
thiraughan adthrated^e^ 

said act of masunhg said ref erei^^^^^ measuring a referehde discharge 

for the dc voltage level to ilecrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being, inversely proportional to the reference 
35 currents :. 
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29. An ink jet prjnter $ystem^^^^ 
itie necessity of addti^ 
system compmihg: 

first means for supplying regulated power t^ 
5 second rneans for storing a 

so as te provide a dc voltage; 

third ineani cpupled^^ 
into a circuit hainng a fixed reference resistance; and 

... . , , f qui;|(it/|^?^^^^ 

TQ period, which corresponds to the time required to discharge at least a portion <rf^^id stored charge into 

said element of iaid priitthead, whh a reference discharge period which corresponds to the time requW^ 
tti: displiarge./^^^^^ : ■ 

IS the ni»:essii^ 

said prihthead k pr0^ 

first means for storing a predetenntned magnitude af charge; and 

secoiid:peai«^^ 
20 including^/ s^^^ ink jet prihtbadi^ a^^ 

l^reitetcirmined (lischarge p 

. :::are:::ao^^ 
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